ABSTRACT. The Papanicolaou stain is a gold-standard staining method for tumor diagnosis in human cytology. However, it has not been used routinely in veterinary cytology, because of its complicated multistep procedure and requirement for wet fixation. Currently, a rapid Papanicolaou stain using air-dried smears is utilized in human cytology, but usefulness of this rapid-air-dry Papanicolaou (RAD-Pap) stain in the veterinary field has not been fully evaluated. The purpose of this study was to evaluate the usefulness of the RAD-Pap stain by using quantitative analysis. Air-dried impression smears were collected from tumor specimens and stained with RAD-Pap and Giemsa. Twelve parameters representing the criteria of malignancy were quantitated, and characteristics of the RAD-Pap were evaluated statistically. The RAD-Pap stain could be applied to all the smears, and images of nucleoli and chromatin patterns were clear and detailed. In quantitative analysis with the RAD-Pap stain, but not with the Giemsa stain, dispersion of nucleolus size and dispersion of nucleolus/nucleus ratio in malignant tumors were significantly higher than those in benign tumors. These findings demonstrated that the RAD-Pap stain was useful for obtaining detailed nuclear information, and the ability to differentiate benignity and malignancy by nucleolus findings was a principal advantage of this stain. This RAD-Pap stain could be routinely used as a supportive staining method in veterinary diagnostic cytology. The Papanicolaou (Pap) stain is used as a polychrome staining technique in human medicine [11] , particularly in vaginal cytology for cervical cancer screening and sputum cytology for lung cancer screening. The advantage of the Pap stain is the ability to yield detailed information regarding nucleoli and chromatin pattern in the tumor cell nuclei. This is extremely important for diagnostic cytology, because nuclear detail is used to determine whether tumor cells are benign or malignant [13] . For this reason, Pap is a gold-standard staining method for diagnosis of neoplastic diseases in human medicine, and it is used for exfoliative cells or fine-needle biopsy specimens [8, 21] . However, the traditional Pap stain requires wet fixation and a multistep staining procedure. Therefore, the Pap stain has not been used routinely for veterinary diagnostic cytology.
The Papanicolaou (Pap) stain is used as a polychrome staining technique in human medicine [11] , particularly in vaginal cytology for cervical cancer screening and sputum cytology for lung cancer screening. The advantage of the Pap stain is the ability to yield detailed information regarding nucleoli and chromatin pattern in the tumor cell nuclei. This is extremely important for diagnostic cytology, because nuclear detail is used to determine whether tumor cells are benign or malignant [13] . For this reason, Pap is a gold-standard staining method for diagnosis of neoplastic diseases in human medicine, and it is used for exfoliative cells or fine-needle biopsy specimens [8, 21] . However, the traditional Pap stain requires wet fixation and a multistep staining procedure. Therefore, the Pap stain has not been used routinely for veterinary diagnostic cytology.
A rapid Pap stain using air-dried smears was developed by Yang and Alvarez [17, 20] . The procedure of this rapidair-dry Papanicolaou (RAD-Pap) stain is relatively simple and yields high quality images similar to those with traditional Pap. Following the development of the RAD-Pap stain, many modified procedures were reported, and the quality of the samples stained with RAD-Pap was noted as equal or superior to that of the traditional Pap [4] . In human medicine, the RAD-Pap stain has been used for cytological specimens such as fine-needle aspirations [7, 20] , scrape smears [1, 3] , and body-fluid smears [18] , and usefulness of the RAD-Pap has been demonstrated in these reports.
The difference between RAD-Pap and traditional Pap is not only in the staining procedure but also in the sample preparation. Briefly, RAD-Pap uses air-dried smears, while traditional Pap uses wet-fixed smears. This technical characteristic of the RAD-Pap is a major advantage for veterinary cytology, because the air-dried smear is the most common sample preparation technique in veterinary cytology. Therefore, the RAD-Pap stain should be useful for microscopic diagnosis of neoplastic tissues in veterinary medicine. The RAD-Pap stain for tumor cytology in dogs and horses [5] , and exfoliative vaginal smear cytology in dogs [12] , has been previously reported; however, the usefulness of the RAD-Pap stain for veterinary tumor cytology has not been fully evaluated, and no quantitative evidence has been reported previously. Therefore, in the present study, canine and feline tumor specimens were stained with RAD-Pap and quantitatively compared with Giemsa-stained specimens.
MATERIALS AND METHODS
Sample collection: Impression smears were prepared from 57 surgical tumor-biopsy specimens that were obtained from dogs and cats admitted to Kagoshima University Veterinary Teaching Hospital, Japan. All biopsy specimens were histopathologically diagnosed by veterinary pathologists and included 34 epithelial tumors, 15 mesenchymal tumors, and 8 round cell tumors (Table 1) . Impression smears were immediately air-dried and stained with RAD-Pap or Giemsa (Wright's Giemsa or May-Grünwald Giemsa) within 24 hr. The present RAD-Pap stain was performed according to Minato's protocol [9] with slight modification (Table 2) .
Quantitative analysis: On average, 3 digital images per sample were taken for both the RAD-Pap-and Giemsastained smears. These images were taken of thin layer smears without any artifacts. Approximately 20 tumor cells per stain of each sample were selected, and the following parameters were measured using digital imaging software (SigmaScan Pro 5.0; Systat Software, Chicago, IL, U.S.A.): (A) the number of nucleoli, (B) the maximum cell diameter, (C) the maximum nuclear diameter, and (D) the maximum diameter of the largest nucleolus in each nucleus. Then, nucleus/cell ratio and nucleolus/nucleus ratio were defined as C/B and D/C, respectively. The degree of dispersion in each parameter was represented by the standard deviation (SD) of the mean value for each parameter of each sample.
Statistical analysis: Statistical analysis was performed using PASW software (IBM SPSS Statistics, Armonk, NY, U.S.A.). Correlations between the RAD-Pap and Giemsa stains in each parameter were tested by Pearson's productmoment correlation coefficient, and values of P<0.05 were defined as statistically significant. Differences between RAD-Pap and Giemsa in each parameter were tested by Wilcoxon signed-rank test at a significance level of P<0.05. Differences between benign (n=14) and malignant (n=31) tumors were tested using the Mann-Whitney U-test at a significance level of P<0.05, but round cell tumors and melanomas were excluded from this test, because malignancy of those tumors is difficult to determine like other tumors. Benignity and malignancy in each tumor were determined by histopathological diagnosis.
RESULTS

Cytomorphological appearance of RAD-Pap-stained specimens:
In the present protocol, the RAD-Pap stain was completed within 15 min. This RAD-Pap stain provided clear polychromatic images with an erythrocyte-free background. Nucleoli of various sizes and shapes were stained vivid orange or red, and the examiner could easily detect minute spotted nucleoli (Fig. 1 ). Nuclear chromatin pattern was exceptionally clear with the RAD-Pap stain, and the examiner could easily detect various chromatin patterns such as smooth, finely stippled, lacy, ropy, coarse, clumped, and smudged. These nuclear findings were able to be observed, even if the specimens were too thick.
Correlations between the RAD-Pap and Giemsa stains: Although significant correlations between the RAD-Pap and Giemsa stains were detected in most parameters, no strong correlations were detected except for that in mean nucleus/ cell ratio (Table 3 ). In addition, no significant correlations were detected in dispersion of nucleus/cell ratio and dispersion of number of nucleoli.
Differences between the RAD-Pap and Giemsa stains: For number of nucleoli, dispersion of number of nucleoli, and dispersion of nucleolus/nucleus ratio, the values of the RAD-Pap stain were significantly higher than those of the Giemsa stain (Table 4) . However, in cell, nucleus, and nucleolus sizes, the values of the RAD-Pap stain were signif- icantly lower than those of the Giemsa stain. No significant differences between the RAD-Pap and Giemsa stains were detected in the other parameters. Differences between benignity and malignancy: In the RAD-Pap stain, significant differences between benignity and malignancy were detected in dispersion of nucleolus size and dispersion of nucleolus/nucleus ratio, and malignant tumors showed higher values than those of benign tumors (Table 5) . No significant differences were detected in the other parameters. In the Giemsa stain, significant differences between benignity and malignancy were detected in dispersion of cell size, nucleus diameter, dispersion of nucleus size, and dispersion of nucleus/cell ratio, and malignant tumors showed higher values than those of benign tumors.
DISCUSSION
In the present study, clear and vivid-colored nucleoli were observed in the RAD-Pap-stained smears, and detectability of nucleoli with the RAD-Pap stain was markedly superior to that with the Giemsa stain, and it was demonstrated that the RAD-Pap stain was superior in detecting anisonucleoliosis between tumor cells. Briefly, in dispersion of nucleolus size and dispersion of nucleolus/nucleus ratio, malignancy could be detected with RAD-Pap but not with Giemsa. Because the largest nucleolus in each nucleus was measured in the present study, these parameters represented anisonucleoliosis between tumor cells. Anisonucleoliosis within the same nucleus is an important malignant criterion [15] . Although the present study could not evaluate anisonucleoliosis within the same nucleus quantitatively, minute spotted nucleoli were satisfactorily detected with the RAD-Pap stain, and this malignant criterion could be identified more clearly with RAD-Pap than with Giemsa. Regarding the enlargement of nucleoli in malignant tumors, superiority of RAD-Pap was not demonstrated in the present study. In fact, nucleolar size with the RAD-Pap stain was significantly smaller than that with Giemsa. In correlation between the RADPap and Giemsa, no strong correlations were found in the parameters except for that in mean nucleus/cell ratio. This finding indicates that the RAD-Pap stain can extract a range of cytomorphological information that differs from that of Giemsa-stained samples. Generally, cell and nuclear sizes with the traditional Pap stain are smaller than those with the Giemsa stain [14] , and these differences are explained by the sample preparation method. Briefly, the cells appear much smaller with wet fixation than with air-dried preparation, because the cells are three-dimensional in the former and two-dimensional in the latter [16] . Due to this effect of wet fixation, the ability to detect anisocytosis and anisokaryosis, which are criteria of malignancy, with the traditional Pap stain is inferior to that with the Giemsa stain. The RAD-Pap stain compensates for this inferiority of the traditional Pap stain, because the RADPap uses air-dried smears; therefore, tumor cell sizes are larger than those with the traditional Pap [13, 16] . However, the results of the present microscopic examination did not completely adhere to this theory. Cell bodies and nuclei from the RAD-Pap-stained smears were observed to be smaller than those from the Giemsa-stained smears. This finding was demonstrated quantitatively, and the sizes of cells and nuclei with the RAD-Pap stain showed lower values than those with Giemsa. In dispersion of nuclear size, although no significant difference between the RAD-Pap and Giemsa stains was detected, malignancy according to this parameter was detected with Giemsa only. These decreased cell and nucleus sizes with the RAD-Pap stain might be caused by the rehydration process prior to fixation with alcoholic formalin. The process of rehydration is essential for the RADPap stain [19] . In a previous study, several solutions were tested as rehydration solutions, and it was demonstrated that physiological saline was superior to the other solutions [2] . Following this report, many of the RAD-Pap protocols, including that of the present study, adopt physiological saline as the rehydration solution [6, 18, 22] . However, decrease of cell size probably occurred during the rehydration step with physiological saline, and there may be other suitable rehydration solutions for the RAD-Pap stain that prevent cell shrinkage.
The present RAD-Pap stain required only 15 min from fixation to coverslip mounting, which was quicker than the traditional Giemsa stain. This rapid stain provided highquality images of nuclei and polychromatic cytoplasm in samples from dogs and cats. Chromatin patterns and nucleolar shapes were often clearer with the RAD-Pap stain than with the Giemsa stain. However, whether samples were stained successfully with RAD-Pap should be carefully evaluated, because it still requires a complicated multistep procedure. An erythrocyte-free background is an advantage of RAD-Pap in contrast to traditional Pap, and this phenomenon was considered due to hemolysis of red blood cells in the rehydration process [2, 10] . However, the presence of erythrocytes is often useful for comparison of cell size [13, 15] . In addition, artificial erythrocyte-free background induces difficulty to evaluate the quality of samples. Therefore, we do not consider this phenomenon advantageous for veterinary diagnostic cytology.
In conclusion, the present study evaluated the usefulness of the RAD-Pap stain in a quantitative manner. The present RAD-Pap stain was successfully applied to canine and feline cytological smears, and it was demonstrated that RAD-Pap was superior for detection of anisonucleoliosis as a malignant criterion. This RAD-Pap stain could be routinely used as a supportive staining method in veterinary diagnostic cytology.
